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DISCLAIMER

The contents of this report reflect the view of the author, who is responsible for
the facts and accuracy of the data presented herein. The contents do not necessarily
reflect the official views or policies of the Washington State Department of
Transportation or the Federal Highway Administration. This report does not constitute a

standard, specification or regulation.






ACKNOWLEDGMENT

This work was sponsored by the Washington State Department of Transportation in
cooperation with the Federal Highway Administration, and was conducted by the
Washington State Transportation Center (TRAC) at the University of Washington.

The author wishes to acknowledge the guidance of Dr. G. Scott Rutherford,
Director of the Washington State Transportation Center, and the contribution of Dr.
Jimmie W. Hinze, Associate Professor of Civil Engineering, in conducting this project.

Special appreciation is expressed to the staff of the Bridge and Structures Branch,
Materials Laboratory, and District 5 of the Washington State Department of
Transportation for supplying available data. In particular, grateful acknowledgment is
given to Ronald Schultz, Special Projects Engineer, Bob Allison, Assistant Special Projects
Engineer, and Keith Anderson, Research Specialist, for conducting the Testing Phase of
the Project. The valuable comments offered by the Washington State Department of
Transportation reviewers of the draft final report are hereby acknowledged.

The author also wishes to express his appreciation to Ms. Amy O’Brien, TRAC
editor, and Ron Porter, TRAC word processing operator, for editing this report; and

Duane Wright, TRAC graphics specialist, for the computer graphics.






TABLE OF CONTENTS

Section
List 0f TaDIES eoiiiiiiiiiiiiiiiiieiitiiciicscsnnrennntetsecsssssonnenssssstessssesssssssssssssssssssssssssssssessssossssssess
LISt Of FIBUIFES auueeeeriieiieiiiiiiiiiiiiieetenetiiccssssscsnsasssssssesssssssssssssasssssssssssassessasessssssssessesssssssss

EXECUTIVE SUMMARY . cereseecssssanntecssssnaeasssssnee

..................

CONCLUSIONS AND RECOMMENDATIONS

.................................. 000000 000ss0cccccctcncne

CHAPTER I: REVIEW OF BACKGROUND INFORMATION AND EXPERIMENT
DESIGN ....ccevvvevnuecnaes toensecsenecsasecsnssessarnsesasanessassanse

ooooooo

Introduction of Background Information

Classification of Candidate Sites Relative to Present WSDOT Membrane
Selection Criteria............

Designation of Test Sites......

Experiment Design

CHAPTER II: DATA ANALYSIS AND INTERPRETATION

Condition of AC Overlays

Permeability of AC/Membrane System......

Condition of Reinforced Concrete Bridge Decks

Comments on WSDOT Membrane Selection Criteria

Comments on the Field Evaluation Techniques

REFERENCES ........ccoovvureerrrercssaenes

..................................................

xi

xiii

XV

xviii

10

12

12

15

15

19

29

41

44

49



TABLE OF CONTENTS (Continued)

Section

Page
APPENDIX A: BACKGROUND INFORMATION ON CANDIDATE TEST BRIDGES
WSDOT End of Project Report for Contract #1594 (Bridges 90/136 S,
90/140'S, 90/141 S, 90/145 S and No..oooooooovoeeeeeeeeeeeeeeeeeoeeeeeeeoeeoeoeoeoeoeoeooeoeoeooeoeooeo A-1
WSDOT Decscription of Matcrials Used for Contracts #1594 and #1481
(Bridges 90/136 S, 90/140 S, 90/141 S, 90/145 S and N, and 82/20 N)........ A-5

WSDOT Laboratory Tests on Patch Concrete Used for Contracts #1594 and
#1481 (Bridges 90/136 S, 90/140 S, 90/141 S, 90/145 S and N, and 82/20 N).. A-11

Location of Rehabilitated Concrete and Results of Pre-Rehabilitation
Half-Cell and Chloride Tests on Candidate Test Bridges (Bridges 90/136 S,
90/140 S, 90/141 S, 90/145 S and N, and 82/20 N)

APPENDIX B: DETAILS OF EXPERIMENT DESIGN

APPENDIX C: STUDIES’ RAW DATA COLLECTED IN FIELD AND LABORATORY

Collected Data on Bridge 90/136 S . . . C-1
Collected Data on Bridge 90/140 S..........oooeeooemeeeeeeeeeeeeeeeeeeoeeoeoeoeoeoeoeoeoeeeoeoeoeoooeeeeoeee C-29
Collected Data on Bridge 90/145 N . C-53
Collected Data on Bridge 90/145 S.........ooooeeeeeeeoeeeeeeeeeeeeeeeeeeoeeeeeoeoeoeoeoeoeoeoeoeoeoeoeeeoeeoen C-71

Collected Data on Bridge 82/20 N C-89




11.

B-1.

LIST OF TABLES

General Information on Candidate Bridges for Test Program.............

Pre-Rcehabilitation/Protection Conditions of Candidate Test Bridge
Decks Relative to the Present Membrane Selection Criteria ...

SE1ECtion Of TESt STILES..iuuuurrrrrreeereeesseeeeeeseeeeeeseeseseese e seeeeeeeee e eeeeeoen

Results of Electrical Resistivity Test on Asphalt Overlays.............
Results of Coring for Presence of Moisture Under Membrane.............

Moisture Content of Concrete Decks Covered by AC/membrane
SYSEEM ettt sssssseseeeeesmessseesse e sssseeee s ssssee e eeeeeeeeeesese oo

Resamples of Pre-rehabilitation/Waterproofing of Chloride Tests....

Post-rehabilitation/Waterproofing Chloride Content of Patch
Concrete

Correlation of Ranked Half-Cell Readings with Delaminations for
Each Tested Bridge Deck

Classification of Half-Ccll Rcadings on Each Bridgc and
Comparison with Concrete Deterioration ..o

Overall Correlation of Ranked Half-Cell Readings with
Delaminations ...ooceoecvunnseeeeeeeseceeesesesse s oo

Layout 0f Core LOCAtIONS.....uuuuumerreeeeeeeseeeeeeeeessesess s eeeoeeseseeeoeeeseeseseeeeeeenn

Xi

13
21

21

22

23

23

37

38






Figure

10.

I1.

13.

14.

15.

B-1.

LIST OF FIGURES

Location of Candidate Test Brid@eS .. nreseeseessessessessessesssssssssssssenes

Local Pattern Cracking in AC Caused by Underlying Concrete
DELETIOTALION ettt esss st sesseseessensenssessesessesssasssssssens

Stripped Aggregate in the Bottom of AC in a Core Location in
the Cracked Overlay (Bridge 82/20 N) oo eeeeree s ses e

Stripped AC Caused by Defects in the Bottom of the Overlay ..........
AC Deterioration in the Vicinity of Abutment JOINt .o,

Present Condition of an Elastomeric Expansion Device and
Asphalt Overlay Paved Next to It ...

Concrete Delamination (Patch) Under Sound AC Overlay and
MEMDIANE ettt sesstesssasess s s stsessss s s en

Severe Disintegration of Concrete (Patch) Associated with
Pattern Cracking of AC ... rreverererensrsreseasrenns

Concrete Delamination (Original) Around a Patch Area ...

Concrete Delamination (Half Patch, Half Original) in the
Boundary of @ PatChed ATEa ..t eeeeseseessesesnesssesssessesessessseens

Delamination Of PatChed CONCIELE .o es s seeseesenn

Scverc Cracking of AC and Disintcgration of Patched Concrete.
Note the Conical Shaped Patched Material Lelt in the Core
Location After Drilling Through CONCrete. oo,

Superimposing Rehabilitated Areas and Defective Areas Indicated
by Chain Dragging, Bridge 90/136 S .o

Superimposing Rehabilitated Areas and Defective Areas Indicated
by Chain Dragging, Bridge 90/140 S .oeoooeoeeeeeeeeeeeeeeeeeseses oo

Superimposing Rehabilitated Areas and Defective Areas Indicated
by Chain Dragging, Bridge 90/145 N oo

Data Form for Ground............... RO

Data Form for Coring Operation

Xiii

18

18

31

31

32

32

33

33

34

35

36

B-4

B-5






EXECUTIVE SUMMARY

Asphalt/membrane protcction of bridge decks, generally applied after
rchabilitating damaged decks with fast setting concrete, has been used extensively in the
past in Washington and continues to play a role in protecting bridge decks from the
corrosive effects of salts. Previous TRAC/WSDOT bridge deck membrane research
evaluated the condition of three concrete decks covered by membrane systems adopted in
thc past. That work cast doubts on the cffectiveness of thosec systems by recvcaling
deterioration bencath the asphalt overlay and around the rechabilitated arecas.
Subsequently, WSDOT developed criteria for asphalt/membrane protection which limited
its application to certain bridge conditions. The research discussed here supplements the
previous research by evaluating the effectiveness of a better quality membrane system
more widely used at present, i.e., the WSDOT System "C" membrane, or hot applied

rubberized asphalt protected with fabric.

STATE OF ASPHALT OVERLAYS

Five bridges were included in the study, four on SR-90 and one on SR-82. The
asphalt overlays were generally in fair condition after six years of service. The major
damage to the overlays was in the form of pattern cracking (interconnecting cracks)
caused by cither concrete deterioration or aggregate stripping in the bottom portion of
the overlay. The latter problem, which ultimately resulted in stripping of the overlay,
was caused by water accumulation on the top of the membrane. Increasing the
impermeability of the overlay by decreasing the air voids in the system, possibly by
more effectively compacting the overlay, and incorporating effective anti-stripping

agents into the overlay mix might alleviate the problem.
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SYSTEM PERMEABILITY

The asphalt overlay/membrane system was effective in preventing chloride
intrusion into the concrcte, although spot chloride lcakage was dctected. The moisture
content of the concrete, however, was relatively high, and its origin could not be
positively determined.  Moisture in concrete might have penetrated through the
membrane, from the environment, or it might have existed in the decks when they were
waterproofed. However, evidence of moisture under the membrane in a few locations
suggested that the installations were capable of water seepage in some areas. Vapor
transmission through the membrane may not be possible, resulting in the moisture being
trapped in the concrete. To provide a more waterproof membrane the writer
recommends avoiding the use of crushed aggregate in the bottom layer of the asphalt
overlay to avoid possible puncture of the membrane. An alternative may be to use a
fine-graded mix such as WSDOT class "G" asphalt concrete in the bottom portion of the

overlay or protection boards under the overlay.

STATE OF UNDERLYING REINFORCED CONCRETE DECKS

Generally, the condition of the concrete decks was not satisfactory. Concrete
deterioration was found around, in the boundary of, and within the patched areas.
Defects in the concrete ranged from simple delaminations to extensive disintegration
associated with asphalt overlay cracking. The latter was mainly detected in the patched
concrete. Visual inspection of cored patched concrete suggested that its inferior quality
had contributed to its extensive disintegration. Deteriorated concrete generally showed
high half-cell potentials, indicating the role of rebar corrosion in the deterioration.
Deteriorated concrete also coincided with wheel paths, indicating the contribution of

fatigue stress to the deterioration. In order to alleviate deterioration in patch material,
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requirements on its strength, durability, and fatigue properties comparable to those for
portland cement concrete are needed.

The pH and alkalinity of patch concrete also need to be taken into consideration
to prevent corrosion of rebar embedded in the patch, in view of the moisture present in
the underlying decks. Another alternative could be epoxy coating the exposed rebar
during rehabilitation, which can prevent corrosion in the patched areas and reduce its

intensity in the surrounding original concrete.

EFFECTIVENESS OF WSDOT MEMBRANE CRITERIA

Among the test sites, those with minimum areas of rehabilitation and original
chloride contamination, in compliance with the present WSDOT membrane selection
criteria (see page 10 for the criteria), showed a minimum of concrete deterioration and
rebar corrosion, indicating the effectiveness of the criteria. - The requirement for
minimum concrete cover thickness in the criteria, however, should perhaps be increased
since rigid overlays are not applied. Further experience should also be used to establish

more accurate quantitative criteria.

CONDITION EVALUATION METHODS

Chain dragging on the asphalt concrete and half-cell corrosion detection through
the asphalt and membrane both proved to be effective tools in determining the condition
of the underlying reinforced concrete decks. Mapping the patched areas during
rehabilitation is strongly suggested in order to better understand possible future

deterioration under the asphalt concrete if distress is detected.
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CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The following conclusions appear warranted based on the discussions presented in

the corresponding sections in Chapter II.

CONDITION OF AC OVERLAYS

° The AC overlays were generally in fair condition after six years of
service. The major damage to the overlays was in the form of pattern
cracking caused by either underlying concrete disintegration or aggregate

stripping in the bottom portion of AC.

PERMEABILITY OF AC/MEMBRANE SYSTEMS

° The AC/membrane systems have been effective in preventing chloride
intrusion into the concrete, although spot chloride leakage was detected.
Moisture, however, was present (varying from 1.8 to 4.8 percent by weight
of concrete with an average of 3 percent) and its origin could not be
positivcly dctermined. Evidence of moisture between the membranc and
the concrcte observed in a few core locations suggested that the

installations were capable of permitting water seepage in some areas.

CONDITION OF UNDERLYING CONCRETE DECKS

) Generally, the condition of the underlying concrete decks was not
satisfactory. Concrete deterioration was detected around, in the boundary
of, and within the patched areas. Defects in the concrete were found in

the forms of delamination under sound AC and severe disintegration,
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causing pattern cracking in the AC. The latter was mainly detected in
patched concrete. Visual inspection of the cored patched concrete
suggested that its inferior quality contributed to its extensive
disintegration.

° Deteriorated concrete generally showed high half-cell potentials, indicating
the role of rebar corrosion in the deterioration. Deteriorated concrete also
coincided with wheel paths, indicating the contribution of fatigue stress to

the deterioration.
MEMBRANE APPLICATION CRITERIA

° Among the test lanes, those with a minor amount of rehabilitation and
original chloride contamination, in compliance with the present WSDOT
membrane selection criteria (see page 10 for the criteria), showed the least

amount of concretc deterioration.
FIELD EVALUATION TECHNIQUES

. Chain dragging AC detected deterioration in the underlying concrete and
in thc bottom portion of the AC without declincating the type of the
dcterioration.  The writer belicves that the ratio between thc dctected
dctcrioration in concrcte and the total deterioration in concrcte depends
on the severity of the deterioration.

° ‘. An excellent correlation was found between high half-cell potentials and
concrete deterioration. The correlation is probably due to active corrosion
occurring at the timec of the tests due to the presence of moisture in the

concrete.
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RECOMMENDATIONS

Based on the discussions presented in the corresponding sections in Chapter II, the

following measures are recommended for improving and enhancing future work if the

measures are different from the Department’s current policies:

IMPROVE THE QUALITY OF THE AC/OVERLAY BY:

compacting the overlay more effectively, possibly by applying pneumatic
compactors, to provide a denser mix and to increase the AC’s
impermeability,

avoiding weak seams in AC construction joints and their coincidence with
wheel paths;

incorporating effective anti-stripping agents into the overlay mix.

IMPROVE THE IMPERMEABILITY OF THE MEMBRANE BY:

avoiding the use of crushed aggregate in the bottom layer of the AC
overlay and instead using a type of aggregate and gradation which can act
as a cushion; WSDOT class "G" mix (fine graded) may be suitable for this
purpose. Another alternative may be use of protection boards under the
AC overlay as practiced in Ontario;

specifying a minimum thickness for the membrane system such as 1/8-inch
(3 mm) (depending on grade and super elevation) and incorporating
practical mcthods of inspecting membrane thickness and quality during

installation.
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IMPROVE THE QUALITY OF PATCH AND CORROSION RESISTANCE BY:

—

° specifying strength, durability, and fatigue properties for the patch
concrete so they will be comparable to those of the portland cement
concrete. Test procedures need to be established to determine durability
under freeze-thaw and fatigue under compression for this purpose;

° specifying pH values for the patch concrete so they will be comparable to
those of the portland cement concrete to prevent corrosion in the patched

arca.
MODIFY THE MEMBRANE CRITERIA (SEE PAGE 10) BY:

° requiring a thicker concrete cover for AC/membrane applications on
existing decks, such as 90 percent of the deck area with a concrete cover
thicker than 1 in. (2.54 cm) and 50 percent of the deck area with a
concrete cover thickness not less than 1.5 in. (3.81 cm);

° incorporating futurc expericnce to cstablish morc accuratc criteria

quantitatively.
IMPROVE FIELD EVALUATION METHODOLOGY BY:

° mapping patched arcas on the bridge decks at the time of rehabilitation
and supcrimposing such data with dcterioration detected by chain
dragging the AC to better understand the nature of problem. If there are
doubts over the origin of the problem, dry coring the AC at a few
locations and sounding the concrete in core locations can distinguish the

deterioration in concrete from that in AC.
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CHAPTER 1

REVIEW OF BACKGROUND INFORMATION AND EXPERIMENT DESIGN

This chapter is a digest of the background information pertinent to the six
bridges chosen as candidates for evaluating the effectiveness of patching and
waterproofing with the AC/membrane system. (After reviewing the information, five
sites were selected for the experiment, as originally proposed.) Included in this chapter
is also a comprehensive program designed for testing the selected sites in conjunction
with the WSDOT Materials Laboratory.

The background information comprises data collected from the WSDOT’s Bridge
and Structures Branch, Materials Laboratory and District 5. Generally, the information
includes pertinent data on the original design of the decks and on rehabilitation
performed on the concrete.

After the information was reviewed, it was summarized, tabulated and plotted so
that it could be evaluated. Subsequently, an experiment was designed to fit the

conditions of the test sites.

INTRODUCTION OF BACKGROUND INFORMATION

The six candidate bridges are listed below, and their location can be found in

Figure 1.
1. Bridge 90/136 S (S. Cle Elum RD OC)
2. Bridge 90/140 S (Yakima River)
3. Bridge 90/141 S (CMTPP RR PEOH RD OC)
4, Bridge 90/145 N (Highline Canal)
5. Bridge 90/145 S (Highline Canal)
6. Bridge 82/20 N (Squaw CR RD OC).
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Somc information on the candidatc sites, such as typc of structurc, propertics of
decks, year of original construction and rehabilitation, are tabulated in Table 1.

REPAIR HISTORY (SR 90 BRIDGES) (DIGESTED FROM CONSTRUCTION

PROJECT DIARY AND OTHER SOURCES)

Bridges 90/136 S, 90/140 S, 90/141 S, and 90/145 N and S were all repaired and
waterproofed under Contract 1594 in the summer of 1979. At that time the bridges were
about 14 years old. The project had been originally scheduled for 1980. However, rapid
deterioration of the decks made it necessary to advance the project to 1979. In 1978
WSDOT cstimated the concrcte repair that would be nceded basecd on a declamination
survey (see Table 2 for cxtent of deterioration) and applied a multiplier of 2. However,
the actual volume of repair in 1979 overran the estimated quantity by 25 percent,
2.5 times what the 1978 delamination survey had detected. Larger and deeper amounts
of deterioration contributed to this occurrence.

Concrete Removal and Repair. Deteriorated concrete detected by chain dragging
was removed by jack hammers. Because of concerns over removing concrete in negative
movement areas around the interior piers of continuous structures, crews considered
concrete removal from only 1/2 of a lane width for 15° (3.8m) on one side of each pier
at a time. Deep deterioration had rarely occurred. Generally, removal exceeding mid-
depth of a slab was not advised.

The contractor used Jet Sct Super X, a prcpackaged, fast sctting concrcte, for
repairing the concrete. Because of its relatively higher initial set period of about 15
minutes, the concrete was well suited to repairing large areas, resulting in better
consolidation, better finishing of the concrete, and the elimination of cold joints
between succeeding repair sections. The patching material had to meet 3,000 psi
(21 mpa) compressive strength in 6 hours as tested in 2 inch (5.1 cm) cubes. Somc test

data from cubes made of a patch placed in the project site showed that after 6 hours the
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Table 2. Pre-rehabilitation/Protection Conditions of Candidate Test Bridge Decks
Relative to thePresent Membrane Selection Criteria.

Bridge Extent of Concrete Cover ADT** ci>2#/icy + Surface
Number Deterioration® | >1" (% of deck (% of samples Compatibility
(% of deck area) tested)
<40%< yes no
90/136 S 11% - - 5,874 80% X
P D P D
5% 17% 67% 100%
90/140 S 7% - - 5,874 73% X
P D P D
6% 7% 63% 86%
90/141 S 4% - - 5,874 60% X
P D P D
2% 7% 57% 75%
90/145 N 4% - - 6,012 50% X
P D P D
0% 7% 25% 75%
90/145 S 5% - - 5,874 - 25% X
P D P D
0% 8% 0% 60%
82/20 N 8% - - 3,792 100% X
P D P D
14% 3% 100% 100%
* Surveyed one year prior to reconstruction in 1978
** Surveyed in 1983
+ Sampled shortly prior to reconstruction and generally at 1-1/2" to 2" depth

Criteria Zone
Passing lane

Driving lane




patch’s strength was 2,400+psi (17+mpa). This was lower than expected and was
speculated to be the result of prematurely applying the curing cover to the patch.
Results from further tests conducted by the WSDOT Materials Laboratory on the repair
material sampled from the job site indicated that an average strength of 4,425 psi
(31 mpa) and 5,017 psi (35 mpa) could be gained in 6 and 24 hours, respectively (see
Appendix A). These tests also indicated that original chlorides did not exist in the
repair concrete (i.e., cl content = 0 percent).

A cover thickness of less than 1 in. (2.54 cm) in the new patchcs was not desired.
Therclore, the patches had to bc mounded to achicve a 1 in. (2.54 cm) cover where the
cxisting cover thickness was insufficient.

A significant loss of edge bond between the repair concrete and the original
concrete occurred after patching despite all the care that was taken during the repair,
such as sawing the perimeter of the area and cleaning the substrate. There was often
obvious shrinkage cracking and delaminations, as evidenced through chain dragging.
Some cores taken from these areas during construction broke between the new and old
concrete while they were being chiseled out. According to the manufacturer’s
description the patch material will not shrink while curing but instead, will show a
slight cxpansion at thc end of 28 days. In the writer’s opinion thc loss of cdge bond
may havc becn the result of cxpansion and contraction caused by thermal cycling.
However, no information pertaining to the matcrial’s coefficient of thermal expansion
and modulus of elasticity is available to define the thermally-induced shear bond. The
resident engineer also speculated that local vibration in the structure due to passing
traffic might have caused the problem. The loose patches were removed and repaired.

AC/Membrane Application. The watcrproofing membrane system was WSDOT

system "C". The rubberized asphalt contained AR4000W asphalt binder with G-274 type

rubber and Califlux extender oil. The polypropylene fabric used over the rubberized



asphalt membrane for its protection was Petromat. WSDOT class "B" asphalt concrete
was paved over the membrane system with a nominal thickness of 1.8 in. (4.57 cm) (see
Appendix A for more information regarding the materials used).

REPAIR HISTORY (SR 82 BRIDGE) (DIGESTED FROM CONSTRUCTION

PROJECT DIARY AND OTHER SOURCES)

Bridge 82/20 N was rchabilitated and waterproofed along with two other bridges
on SR 82 (82/25 N and S) under contract 1481 in 1979. At the time of rehabilitation
the bridge was about 8 years old. The project work on bridge 82/20 N started in May
and was completed in July. A delamination survey made in May of 1978 indicated that
about 8 percent of the total deck area had deteriorated. Additional deterioration,
however, was found during rehabilitation.

Concrete Removal and Repair. Deteriorated concrete located by chain dragging

was removed by jackhammers. The exposed rebar exhibited rust and the surfaces of some
bars were slightly pitted. In places where it was not certain that deeper deterioration
had occurred, crews did not remove concrete below about thc mid-depth of the slab.
Tests with a Swiss hammer in some arcas of questionable concrete integrity indicated the
concrete’s strength to be about 4,000 psi (28 mpa).

Set-45, a prepackaged, fast-setting concrete, was used for repairing the concrete.
Tests conducted by the Materials Laboratory on the repair material sampled at the job
site indicated that a compressive strength of 10,225 psi (71 mpa) and 10,363 psi (71 mpa)
could be reached in 6 and 24 hours, respectively (see Appendix A). No test results were
available on the original chloride content of the patch material. The patch matérial,
because of its relatively faster initial set period at high temperatures, was not well
suited to repairing large areas. This resulted in the development of cold joints in the

repair arca. In some batches ice was used to retard the initial sct time. To climinate



cold joints, the manufacturer recommended using larger batches in a larger, mobilc
mixer located at the patch area.

Loose patches were found in many areas after placement and hardening. One
reason for the patch failure was believed to be the lack of a sufficient quantity mortar
in the mixture, which was not able to thoroughly coat the surface of the old concrete.
With insufficient mortar the aggregate could bridge a small portion of the patch and
prevent the mortar from filling the voids. No bonding agent on the surface of the
concrecte was required with this typc of repair material. The resident engincer observed
that the amount of rock in the mix could be reduced from 30 1b (14 kg) to 20 1b 9 kg)
per bag of Set-45 to coat the surface of the area to be patched. Heat built up in the
patch concrete during the curing period was also thought to cause thermal contraction,
which in turn could have caused the problem experienced, especially in large patches.
Keeping the patch cool during the curing period was thought to be effective for
alleviating the problem. The patches, where they were loose and debonded, were
removed and repaired with the same material.

Fondu fast-setting cement, due to its reputation for a slower initial set period,
was applied experimentally on some areas. The general conclusions were that the
material’s strength gain was slower and that its characteristics were sensitive to its water
content. Based on tests conducted during different trials, in 6 hours the patch’s
strength was 3,000+ psi (21+ mpa). No test results were available on the original
chloride content <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>